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Body fat distribution may be a more specific marker than obesity for risk of cardiovascular disease
and diabetes. The relationship between body fat distribution and sitting systolic and diastolic blood
pressure was examined in a cross-sectional analysis of 1936 normotensive men aged 21 to 80 years.
In this analysis body fat distribution was represented by the ratio of abdomen circumference to hip
breadth (denoted as WHDbR). Pearson product-moment corrclations adjusted for age revealed a
positive correlation between WHbBR and both systolic and diastolic blood pressure (r=0.13and r =
0.14, respectively). In a multiple linear regression model controlling for age, smoking status and
body mass index (BMI), WHhR was associated with systolic blood pressure [regression coefficient
(standard error) = 3.58 (1.8), P = 0.048)], but had much less of an association with diastolic blood
pressure [regression cocfficient (standard error) = 1.90 (1.3), P = 0.141]. Further adjustment for
alcohol intake decreased the association between WHbR and systolic blood pressure [regression
coefficient (standard error) = 2.90 (1.81), P = 0.110]. Body fat distribution, as represented by
WHDR was associated with level of systolic blood pressure independently of overall level of obesity
(BMI) in normotensive men; adjustment for alcohol intake attenuated the relationship. These data

suggest that dietary factors, notably alcohol intake, may influence the effect of body fat distribution
on blood pressure.
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Introduction

Fat patterning may be a more specific marker of cardiovascular disease and
diabetes risk than total fat or obesity. Vague' reported an increased risk of
diabetes in persons with a centripetal accumulation of body fat and subsequent
studies have confirmed this association?”’. Studies using alternate measures of
centripetal and peripheral fat to represent body fat distribution report similar
findings with blood pressure. Subscapular skinfold thickness, a measure of
centripetal fat, was significantly associated with systolic and diastolic blood
pressure® and with an increased incidence of hypertension® independently of
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triceps skinfold thickness, a measure of peripheral fat. The ratio of subscapular to
lateral calf skinfold, another index that contrasts centripetal with peripheral fat,
has also been associated with systolic blood pressure'®. More recently, the ratio of
waist to hip circumference has become popular as an index of fat distribu-
tion®'""'*. An increased incidence of hypertension'""'3, stroke and ischemic heart
disease'* has been associated with an increased ratio of waist to hip circumference.
Blood pressure has also been shown to have a strong positive correlation with the
ratio of waist-to-hip circumference®!!"12,

The association between measures of centripetal fat accumulation and blood
pressure is independent of body mass index*'"'?, and age®*'®!! and has been
demonstrated in both men®'*"'? and women®®!', However, the role played by
other factors, including cigarette smoking and the dietary intake of alcohol is not
well studied. Although many studies have documented a positive relationship
between alcohol intake and blood pressure'®??, few have examined in detail the
multivariate relationships among alcohol, body fat distribution and blood
pressure.

In the current study the relationship between body fat distribution and blood
pressure was assessed in a normotensive, non-obese male population. Cross-
sectional data unselected for body composition were available from the
Normative Aging Study (NAS).

Methods

The Normative Aging Study is an ongoing longitudinal, multidisciplinary study established by the
Veterans Administration in 1961. The NAS population is 98 percent white and is higher in
socioeconomic characteristics than the general local population in Boston, MA. Details of the study
protacol have been presented elsewhere®. Volunteers were screened based on clinical, laboratory,
radiologic, and electrocardiographic criteria to provide an initially healthy population. History or
presence of coronary heart disease, diabetes, cancer, peptic ulcer, gout, recurrent asthma or
bronchitis were criteria for exclusion from the study. Subjects were also excluded if their systolic
blood pressure exceeded 140 mm Hg or their diastolic blood pressure exceeded 90 mm Hg
(although less than 5 percent, n = 123, of the cohort had values that exceeded the blood pressure
criterion). Body composition and hyperlipidemia were not screening criteria.

Blood pressure was taken with a standard mercury sphygmomanometer and a 14 cm cuff.
Systolic and fifth phase diastolic blood pressure were measured to the nearest 2 mm Hg in each arm
and averaged to provide one systolic and one diastolic measurement. Information on cigarette
smoking status was collected by interview. The participants were categorized as never, current or
former smokers; to be considered a former smoker the subject must have refrained from smoking for
at least one year. In the statistical analyses, current smokers were compared to never-smokers and
former smokers were compared to never-smokers. Alcohol consumption was a dichotomous variable
based on the response to the foilowing question from the Cornell Medical Index: ‘do you usually
take two or more drinks per day??*

The analyses used data from the baseline physical examination of the Normative Aging Study
cohort conducted between 1962 and 1971. A total of 2280 men aged 21-82 years, with a mean age of
42, were accepted into the study. Of these 2280 subjects complete data were available for 2059 (90
percent). The majority of missing observations were a result of subjects failing to return for an
anthropometric examination. The 213 men without anthropometric data had mean blood pressure
values that were similar to those for the final study group, but they were on average 2 years younger
than the final study group (mean age * s.d. = 39.54 + 9.43 years versus 42.29 * 9.44 years). The
other cight subjects were missing at least one of the variables included in the analyses performed in
this investigation. One hundred and twenty-three more subjects were excluded based on systolic
blood pressure values over 140 mm Hg or diastolic blood pressure values over 90. The 123 subjects
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excluded on blood pressure were significantly older (mean age * s.d. =47.87 % 11,47 versus
41.93 % 9.18), slightly heavier (mean BMI * s.d. = 26.87 & 3.06 versus 25.69 + 2.8) and had a
greater WHBR (mean WHbBR * s.d. ® 2,63 1 0.18 versus 2.5¢ * 0.16) compared to the study
sample. There was no difference in alcohol intake between the subjects excluded on blood pressure
and the study sample. All of the statistical analyses used the 1936 normotensive subjects with
complete data.

A series of anthropometric measurements were made on each participant with the subject
standing ercct with his feet together (except for the hip breadth measurement). Measurements were
taken with the subject in undershorts and socks only. Anthropometric measurements included:
height measured against a wall chart to the nearest 0.1 inch; weight measured on a balance beam
scale to the ncarest 0.5 pound; hip breadth measured without exerting pressure at the widest
breadth of the hips in a sitting position with the anthropometer (Gneupel, GPM, Switzerland) on
the greater trochanter; abdomen circumference measured at the level of the umbilicus. Body mass
index (BMI) was calculated as weight (kg) divided by height (m) squared. The ratio of abdomen
circumference to hip breadth was formed (denoted as WHbR). The coefficients of variation for
abdomen circumference and hip breadth were 8.7 and 6.3, respectively, based on data from the
baseline anthropometric examination?®.

The study variables were examined for skewness and kurtosis of distribution. Transformations to
improve the linearity assumption were not needed. Scatterplots and Pearson product-moment
correlations were used to assess the degree of association among the independent variables and
between the independent variables and the measures of blood pressure. The mean values of the
independent and outcome variables were compared using a general linear model between alcohol
intake groups after adjustment for the effects of age. Multiple linear regression was used to assess
the relationship between blood pressure and WHbR while controlling for age, cigarette smoking,
BMI, and aleohol intake. Interaction terms for alcohol intake and smoking, and WHbR and BMI
were included in a second set of regressions.

All statistical analyses were performed using Statistical Analysis System (SAS) AOS/VS version
5.04%. P-values less than 0.05 were considered statistically significant.

Results

Table 1 presents the descriptive statistics of the study population. Twelve percent
of the participants reported consuming two or more drinks per day within the
previous year. Smoking and drinking were related behaviors; among subjects who
reported drinking two or more drinks per day 53 percent (124) were current
smokers, 32 percent (75) were former smokers and 15 percent (35) were never-
smokers.

The correlations among study variables are presented in Table 2. BMI was
highly correlated with WHbR (r = 0.53, P < 0.0001). Age was also positively
related to WHbR (r = 0.26, P < 0.0001). Statistically significant correlations
between WHbBR and sitting systolic and diastolic blood pressure were demon-
strated (r = 0.13 and 0.14, respectively, P = 0.0001) after adjustment for age. The
correlations between BMI and blood pressure were of about the same magnitude
(systolic r = 0.15, and diastolic r = 0.21, P = 0.0001).

To determine if alcohol use affected blood pressure levels and body fat
distribution, means for blood pressure and WHbR were examined by level of
alcohol intake (Table 3) after adjustment for age. Differences in blood pressure
levels between drinking groups were slight but statistically significant. The mean
systolic blood pressure for men consuming two or more drinks per day was
244 mm Hg greater than for men drinking less (F = 11.94, P = 0.0006).
Similarly, the mean diastolic blood pressure was 1.30 mm Hg greater for men
drinking two or more drinks per day compared to men drinking less (F = 6.57, P
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Table 1. Descriptive statistics for the study variables (n = 1936).

Mean s.d.
Age 41.93 9.18
Height (cm) 175.55 6.48
Weight (kg) 79.26 10.35
BMI [wt(kg)/ht(m)?] 25.69 2.81
Abdomen circumference (cm) 92,97 8.19
Hip breadth (¢cm) 36.55 2.28
WHbR 2.54 0.16
Systolic BP (mm Hg) 122.31 10.21
Diastolic BP (mm Hg) 76.30 7.35
n %
Cigarette Smoking
Current 778 40.2
Never 556 28.7
Former 602 311
Alcohol intake
< 2 drinks/day 1702 87.9
2 2 drinks/day 234 12.1

Table 2. Matrix of corvelations among hlood pressure, body composition and age.

Systolic Diastolic WHLR® BMr Age
BP BP
Systolic BP 1.00 0.61* 0.13* 0.15* 0.11*
Diastolic BP 1.00 0.14* 0.21* 0.10*
WHLR 1.00 0.53* 0.26*
BMI 1.00 0.03
Age 1.00

* P = 0.0001. * Correlations among BMI, WHEbR, systolic and diastolic blood pressure are
adjusted for age.

Table 3. Means of study variables by level of alcohol intake adjusted for age.

Alcokol intake

< 2 drinks/day 2 2 drinks/day
(n = 1702) (n = 234) P
BMI 25.71 25.52 0.3520
WHbR 2.54 2.57 0.0005
Systolic BP 122.01 124.45 0.0006
Diastolic BP 76.14 77.44 0.0105

= 0.0105). Subjects drinking two or more drinks per day had a greater mean
WHDbBR compared to subjects drinking less (F = 12.05, P = 0.0005). Body mass
index and age were not significantly different between levels of alcohol intake.
Multiple linear regression analysis was performed to examine whether the
association between alcohol intake and WHbR was confounded by an association
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with other variables (Table 4). The positive association between alcohol intake
and WHbDR remained significant after adjustment for BMI, age, and smoking.
When alcohol intake was added to the regression model the K? increased from
0.3460 to 0.3525; alcohol intake added an additional 1.8 percent of the total
variance in WHDR explained after controlling for other factors.

Regression analyses were performed to assess the relationship between WHbR
and blood pressure with and without alcohol intake in the model. After
controlling for age, smoking status and BMI (Tables 5 and 6), WHbR was
associated with systolic blood pressure, but the association with diastolic blood
pressure was not statistically significant. When alcohol intake was added to the
model, the association of WHbR with systolic blood pressure was no longer
statistically significant and the unstandardized regression coefficient for WHbR
decreased from 3.58 to 2.90 (Table 5). In the regression on diastolic blood
pressure the unstandardized regression coefficient decreased from 1.90 to 1.49
when alcohol was included in the model (Table 6).

The regression cocfficients for age and BMI remained relatively stable across
the models. Age and BMI were significantly and positively associated with both
systolic and diastolic blood pressure. The regression coefficient for former
smoking decreased 23 percent and the regression coefficient for current smoking
increased 15 percent with the addition of alcohol intake to the model. Current
smoking was negatively associated with systolic and diastolic blood pressure.

'{R‘?ble 4. Parameter estimales from a multiple linear regression model with WHUR as the dependent variable (final
= 0.35).

Independent

variables £ s.e.(B) P
BMI 0.029 0.001 0.0001
Age 0.004 0.000 0.0001
Current 0.021 0.007 0.0039
Former 0.013 0.007 0.0872
Alcohol 0.039 0.009 0.0001

Table 5. Parameter estimates from mulliple linear regression with systolic blood pressure as the dependent
variable; with and without adjustment for alcohol intake.

Unadjusted for alcohol (R? = 0.04) Adjusted for alcohol (R? = 0.05)
Independent R? on R? on
variables g s.e.(f) P entry® B s.e.(B) P eniry®
Age 0.080 0.026 0.0025 0.0046 0.083 0.026 0.0018 0.0048
BMI 0.380 0.096 0.0001 0.0076 0.404 0.096 0.0001 0.0086
Current v. never ~1.608 0.573 0.0051 0.0039 -1.848 0.574 0.0013 0.0051
Former ». never 0.663 0.589 0.2604 0.0006 0.509 0.589 0.3875 0.0003
WHbLR 3579 1.809 0.0480 0.0019 2900 1.811 0.1096 0.0012
Alcohol — — e — 2.658 0.703 0.0002 0.0070

® The increase in the R? associated with the addition of each independent variable while controlling
for the other independent variables.
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Table 6. Parameler estimates from multiple linear regression with diastolic blood pressure as the dependent
variable; with and without adjustment for alcohol intake.

Unadjusied for alcohol (R? = 0.06) Adjusted for alcohol (R? = 0.07)
Independent R? on R? on
variables p s.e.(B) P entny* ] s.e.(f) P entry®
Age 0.044 0019 00192 00027 0045 0.018 0.0155 0.0028
BMI 0.409 0.069 0.0001 0.017} 0.423 0.069 0.0001 0.0182
Current 2. never -1.857 0.408 0.0001 0.0101 -2.002 0409 0.0001 0.0115
Former v. never 0.018 0420 09642 0.0000 -0.074 0.420 0.8590 0.0000
WHbR 1.898 1,288 0.1409 0.0011 1.488 1.291 0.2496 0.0006
Alcohol — — —— 0.0000 1606 0501 0.00i14 0.0049

* The increase in the R? associated with the addition of each independent variable while controlling
for the other independent variables.

The interaction terms for smoking and alcohol intake, and WHbR and BM1
were not significant.

To illustrate the degree to which systolic blood pressure was associated with
WHDbR, the means for the first (lowest) and third (highest) tertiles of WHbR were
used with the regression coefficients to calculate blood pressure. The mean age
and BMI for the entire study group were kept constant, smoking status was
defined as ‘never’. Blood pressure for men with the mean WHbR for the first
tertile was 122.15 mm Hg compared to 123.36 mm Hg for the third tertile. With
alcohol in the model, blood pressure calculated using the mean WHDR for the
first tertile was 122.09 mm Hg for men consuming less than two drinks per day
and 124.75 mm Hg for men drinking two or more drinks per day. Blood pressure
for men with the mean WHbR for the third tertile was 123.07 mm Hg for men
consuming less than two drinks per day and 125.73 mm Hg for men consuming
more than two drinks per day.

Discussion

Fat distribution was examined in relation to blood pressure in 1936 normotensive
men cross-sectionally. A significant but small association was demonstrated
between the ratio of waist circumference to hip breadth and systolic blood
pressure after adjusting for the effects of age, cigarette smoking and BMI.
Adjustment for alcohol intake attenuated the association between WHbR and
blood pressure.

Our results are consistent with other studies that have demonstrated a positive
association between body fat distribution and blood pressure that is independent
of BMI*!'!"121% and age'®!!. The overall amount of cxplained variability in
blood pressure remains low even with the inclusion of all of the covariates in the
model. Although the magnitude of the association we report is lower than that
reported by other researchers'®'? our results may underestimate the true
strength of the association due to the health-screened nature of the cohort. In
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addition, few of these studies considered the influence of other known risk factors
for elevated blood pressure on this association?”**. The body fat distribution-
blood pressure relationship may be affected, for example, by smoking or the
dietary intake of alcohol.

The association between alcohol and elevated blood pressure is well docu-
mented'>?? although the strength of this relationship is unclear. MacMahon et
al.'’ found that the mean blood pressure and the incidence of hypertension
increased in those who drank more than two drinks per day and estimated that
the maximum proportion of hypertension that could be attributed to alcohol was
at most 7 percent. In another investigation of the Normative Aging Study cohort,
using data derived from a questionnairc administered in 1982, higher mean
systolic blood pressures were reported for men drinking three or more drinks per
day compared to men drinking less than three drinks per day controlling for age,
body weight and current smoking?%.

The effect of alcohol intake on the relationship of body fat distribution to blood
pressure has not reccived much attention. Williams ef al.'? reported that percent
of total dietary calories derived from alcohol was not related to blood pressure
regardless of whether the correlation was adjusted for the effects of waist-to-hip
ratio. Reichley et al.?” found that neither waist-to-hip ratio nor alcohol when
considered jointly were related to blood pressure after BMI and a mean skinfold
thickness measure were controlled in the analysis.

Although alcohol may substantially contribute to total dietary calories it does
not appear to affect body weight. Body mass index did not differ between men
drinking less than two versus two or more drinks per day even after controlling for
the effects of smoking. Our results agree in part with Camargo et a/.?® who found a
surplus of 4000 kcal per week in those who drank four or more drinks per day but
no increase in adiposity. Gruchow et al.?° also reported that drinkers had a higher
caloric intake, but were not more obese than nondrinkers. According to a study
using Behavioral Risk Factor Survey and Health and Nutrition Examination
Study II data, alcohol had only a slight effect on BMI after controlling for
smoking, age, total daily caloric intake, physical activity, race, education and
height®®. Less efficient utilization of alcohol calories or interference by alcohol in
the metabolism of nonalcohol calories may account for the elevated caloric intake
unaccompanied by an increase in BMI%%:293!,

Body fat distribution, as represented by the ratio of waist circumference to hip
breadth, was associated with systolic blood pressure independently of age, BMI
and smoking. When the model was further adjusted for alcohol intake, the
relationship between body fat distribution and blood pressure was diminished
and no longer statistically significant. These findings are consistent with several
possible underlying relationships, but the cross-sectional nature of this study
limits our ability to choose among these alternatives. Alcohol may be a
confounding variable in the assessment of the relationship between waist-to-hip
ratio and blood pressure. Alcohol was associated with both the ratio of waist
circumference to hip breadth and with blood pressure. If alcohol is considered a
confounding variable, then failure to adjust for alcohol intake would lead to a
spurious relationship between waist-to-hip ratio and blood pressure. Alternatively,
alcuhol may alter body fat distribution and through this mechanism may act
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indirectly to increase blood pressure. One hypothesis consistent with this
explanation is that higher levels of alcohol intake may lead to an increased
accumulation of abdominal fat (as represented by the waist-to-hip ratio)
independent of total adiposity which may in turn be associated with increased
insulin resistance, hyperinsulinemia®' and ultimately increased blood pressure®?,
In one of the few studies of the determinants of body fat distribution, Haffner e
al.® reported that alcohol was unrelated to waist-to-hip ratio, but self-reporting
may have resulted in misclassification of alcohol intake which would act to reduce
its association with fat patterning. Alcohol may have both direct and indirect
effects on blood pressure and may act both through waist-to-hip ratio and
through other mechanisms to increase blood pressure. Alternatively, there may
be unmeasured antecedent variables which explain the apparent relationships
between alcohol intake, waist-to-hip ratio and elevated blood pressure. For
example, a behavioral variable such as stress®!, or another dietary factor®® besides
alcohol could be related to both alcohol intake and waist-to-hip ratio as well as to
blood pressure.

There are a few limitations of this investigation that should be mentioned. The
measure of alcohol intake used in these analyses provided limited information on
the frequency and variability of alcohol consumption. This rather restricted
representation of alcohol intake may lead to misclassification of study subjects.
Assuming that such misclassification is nonselective, the finding of a positive
relationship between alcohol and blood pressure suggests that the true relationship
may be even stronger. Nonetheless, a more precise quantification of alcohol
intake would be desirable in assessing the relationship between alcohol intake,
habitus and blood pressure.

Body fat distribution has been represented in epidemiologic studies by various
indices consisting of either circumferences or skinfolds. In this investigation, the
ratio of abdomen circumference to hip breadth was used as an index of body fat
distribution instead of the more commonly used waist to hip circumference ratio.
At the time this data were collected hip circumference was not a part of the
anthropometric battery of measurements at the NAS. However, we do not view
this as a serious limitation. Qur hypothesis specifies centripetal adiposity, as
represented by abdomen circumference, as the risk factor associated with
increascd blood pressure. The denominator of the ratio was used as a measure of
peripheral adiposity to provide a comparison. Because hip breadth is a measure
of hard and some soft tissuc it would appear to accomplish this as well as hip
circumference. Moreover, in a current sample of men from the NAS population
the Pearson product-moment correlation between the ratio of waist circumference
to hip breadth and the ratio of waist to hip circumference was high (r = 0.73).

The health screened nature of the cohort reduces the amount of variation in
blood pressure. At the time the data for this investigation were collected, the
population had been screened specifically for hypertension. Thus, variation in
blood pressure is low in our sample. Stronger associations may only be
demonstrable in samples that include a wider distribution of blood pressure.

The final limitation is the cross-sectional nature of this investigation which
provides limited insight into the role played by diet, particularly alcohol, in
modifying habitus and the roles of both diet and habitus in determining blood
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pressure. Longitudinal investigations on this and other populations are necessary
to improve our understanding of these relationships.

The centripetal accumulation of body fat may be associated with physiologic
changes that eventually lead to an elevated risk of cardiovascular disease®2. It is
still unclear what determines regional accumulation of body fat. Qur finding of a
positive relationship between cigarette smoking and WHbR in addition to alcohol
agrees with that of Shimokata ef a/.3%, who demonstrated that current smokers
had significantly greater waist-to-hip ratios when compared to both former and
never-smokers. However, genetic factors may also be important in the
determination of body fat distribution §iven the inconsistent relationships of body
fat distribution to behavioral variables>®. Current knowledge on this issue is scant
and the extent to which body fat distribution is influenced by genetic and
behavioral factors is largely unknown. Predisposed individuals, when exposed to
certain environmental agents may respond by increasing their body fat. Dietary
factors, such as alcohol intake are possible catalysts for centripetal fat
accumulation. Casual observation reveals a propensity for alcohol users to
develop a ‘beer gut’ or ‘beer belly’. It is possible that alcohol intake may influence
the relationship between centripetal fat accumulation and blood pressure.

In summary, the results of this investigation demonstrate a small but
statistically significant association between body fat distribution and blood
pressure independent of age and BMI. Our results also suggest that this
relationship is not independent of alcohol intake and that further investigation is
necessary to understand better the influence of alcohol intake on the body
habitus—blood pressure relationship.
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